A (p,q) graph G is said to admit a polygonal sum labeling if its vertices can be labeled by non -negative integers such that the induced edge labels obtained by the sum of the labels of end vertices are the first q polygonal numbers. A graph G which admits a polygonal sum labeling is called a polygonal sum graph. In this paper we prove that the paths admit pentagonal, hexagonal, heptagonal, octagonal, nonagonal and decagonal sum labeling. This work is a nice composition of graph theory and combinatorial number theory.
INTRODUCTION
The graphs considered here are finite, connected, undirected and simple. The vertex set and the edge set of a graph G are denoted by V(G) and E(G) respectively. For various graph theoretic notations and terminology we follow Harary [1] and for number theory we follow Burton [2] . We will give the brief summary of definitions which are useful for the present investigations.
Definition-1.1:
If the vertices of the graph are assigned values subject to certain conditions it is known as graph labeling.
A dynamic survey on graph labeling is regularly updated by Gallian [3] and it is published by Electronic Journal of Combinatorics. Vast amount of literature is available on different types of graph labeling and more than 1000 research papers have been published so far in last four decades. Most interesting labeling problems have three important ingredients.
 A set of numbers from which vertex labels are chosen;  A rule that assigns a value to each edge;  A condition that these values must satisfy. The present work is aimed to discuss one such labeling known as polygonal sum labeling.
Definition-1.2:
Polygonal numbers are just the number of vertices in a figure formed by a certain polygon. The first number in any group of polygonal numbers is always one or a point. The second number is equal to the number of vertices of the polygon. The third number is made by extending two of the sides of the polygon from the second polygonal number, completing the larger polygon and placing vertices and other points wherever necessary. The third polygonal number is found by adding all the vertices and points in the resulting figure. In the n th octagonal number is denoted by D n , then D n = n(3n-2). In the n th nonagonal number is denoted by E n , then E n = 2 1 n(7n-5). 
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Definition-1.16:
MAIN RESULTS
Here we prove that the paths P n admit pentagonal, hexagonal, heptagonal, octagonal, nonagonal and decagonal sum labeling.
Theorem 2.1:
The path P n admits pentagonal sum labeling. Proof: Let P n : u 1 u 2 u 3 . . . u n be the path and v i= u i u i+1 (1≤ i≤ n-1) be the edges. For i= 1,2,…,n, define
We will prove that the induced edge labels obtained by the sum of the labels of end vertices are the first n-1 pentagonal numbers.
Thus the induced edge labels are the first n-1 pentagonal numbers. Hence P n admits pentagonal sum labeling.
Example2.2:
The pentagonal sum labeling of P 11 is shown in the following figure. Theorem-2.3:The path P n admits hexagonal sum labeling.
Proof: Let P n : u 1 u 2 u 3 . . . u n be the path and v i = u i u i+1 (1≤ i≤ n-1) be the edges. For i= 1,2,…,n, define
Thus the induced edge labels are the first n-1 hexagonal numbers. Hence P n admits hexagonal sum labeling.
Example2.4:
The hexagonal sum labeling of P 10 is shown below.
Theorem-2.5:
The path P n admits heptagonal sum labeling.
Proof: Let P n : u 1 u 2 u 3 . . . u n be the path and v i= u i u i+1 (1≤ i≤ n-1) be the edges. For i= 1,2,…,n, define
Thus the induced edge labels are the first n-1 heptagonal numbers. Hence P n admits heptagonal sum labeling.
Example2.6:
The heptagonal sum labeling of P 9 is shown below Theorem-2.7:The path P n admits octagonal sum labeling. Proof: Let P n : u 1 u 2 u 3 . . . u n be the path and v i = u i u i+1 (1≤ i≤ n-1) be the edges. For i= 1,2,…,n, define
Thus the induced edge labels are the first n-1 octagonal numbers. Hence P n admits octagonal sum labeling.
Example2.8:
The octagonal sum labeling of P 12 is shown below.
Theorem-2.9:
The path P n admits nonagonal sum labeling.
Thus the induced edge labels are the first n-1 nonagonal numbers. Hence P n admits nonagonal sum labeling.
Example2.10:
The nonagonal sum labeling of P 11 is shown below Theorem-2.11:The path P n admits decagonal sum labeling.
Proof: Let P n : u 1 u 2 u 3 . . . u n be the path and v i= u i u i+1 (1≤ i≤ n-1) be the edges. Thus the induced edge labels are the first n-1 decagonal numbers. Hence P n admits decagonal sum labeling.
Example2.12:
The decagonal sum labeling of P 10 is shown below
Conclusion
The polygonal sum labeling can be verified for many other graphs. Also some more polygonal sum labeling can be investigated.
